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Abstract: In the United States (US), limited English proficiency is associated with a higher risk of
obesity and diabetes. “Intersectionality”, or the interconnected nature of social categorizations,
such as race/ethnicity and gender, creates interdependent systems of disadvantage, which impact
health and create complex health inequities. How these patterns are associated with languagebased health inequities is not well understood. The study objective was to assess the potential for
race/ethnicity, gender, and socioeconomic status to jointly moderate the association between primary
language (English/Spanish) and having obesity and diabetes. Using the 2018 Behavioral Risk Factor
Surveillance System (n = 431,045), weighted generalized linear models with a logistic link were
used to estimate the associations between primary language (English/Spanish) and obesity and
diabetes status, adjusting for confounders using stratification for the intersections of gender and
race/ethnicity (White, Black, Other). Respondents whose primary language was Spanish were 11.6%
more likely to have obesity (95% CI 7.4%, 15.9%) and 15.1% more likely to have diabetes (95% CI
10.1%, 20.3%) compared to English speakers. Compared to English speakers, Spanish speakers were
more likely to have both obesity (p < 0.001) and diabetes (p < 0.001) among White females. Spanish
speakers were also more likely to have obesity among males and females of other races/ethnicities
(p < 0.001 for both), and White females (p = 0.042). Among males of other racial/ethnic classifications,
Spanish speakers were less likely to have both obesity (p = 0.011) and diabetes (p = 0.005) than English
speakers. Health promotion efforts need to recognize these differences and critical systems–change
efforts designed to fundamentally transform underlying conditions that lead to health inequities
should also consider these critical sociodemographic factors to maximize their effectiveness.
Keywords: obesity; diabetes; language; intersectionality; socioeconomic status
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1. Introduction
The United States (US) is one of the most diverse nations with respect to race, ethnicity,
culture, and other social and demographic factors. The US ranks eighth with respect to the
number of languages spoken in the country [1]. According to the US Census, approximately
60 million people, or 20% of the nation’s population, speak a language other than English at
home [2]. Of this population, approximately 50% speak Spanish, a substantial proportion
of whom have been shown to have limited English proficiency (LEP) [2].
Population groups with LEP experience higher medical errors and hospital readmission rates, increased health inequities, and decreased patient satisfaction [3,4]. The
population also has unequal access to healthcare [5] and experiences poorer health with
greater medical costs [6]. To address these problems, hospitals often employ medical interpreters, but the use of interpreters increases the possibility of interpretation and clinical
errors [7]. Bilingual clinical staff and family members have been shown to commit many
interpretation errors. These include, but are not limited to, critical omissions, paraphrasing
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and omissions, use of false cognates, and substituting clinical advice with their own opinions [8]. Errors in interpretation have led to numerous clinical consequences and delayed
treatment, some of which have been catastrophic, such as quadriplegia [9]
Furthermore, there is growing recognition that health care systems can play a critical role in advancing health literacy and becoming more “health literate” [10]. Systems
can reduce inequities and become more health literate by integrating health literacy into
their overall mission, planning, evaluation, provider and staff training, patient safety,
and communications [11]. Health outcomes and inequities are influenced by complex
interactions between populations, health systems, environmental context, and policy [12].
There is an important need to incorporate health equity frameworks into health research
and evaluation [10]. These frameworks consider equity as the core of population health,
and recognize that health is influenced by multiple levels of the social–ecological model
(e.g., health policy, neighborhood, community, and family) across the life course. Equity
frameworks consider health to be multidimensional, including physical, mental, and emotional health contextualized by the quality of life and social and structural factors [13].
There are well-documented inequities in having obesity and diabetes by several socioeconomic and demographic factors (e.g., gender, race/ethnicity, and income) and on multiple
levels of the social–ecological model (e.g., individual, community, policy). Hispanic/Latinx
Americans have an 80% higher rate of diabetes than non-Hispanic Whites [14]. National
data show that the prevalence of diabetes is nearly twice as high in the Hispanics/Latinx
population than it is among non-Hispanic Whites (11.8% vs. 7.1%, respectively) [15]. A
study of glycemic control in Hispanic/Latinx populations with diabetes found that LEP
patients with language-discordant physicians were more likely to have poor glycemic control than LEP patients with language-concordant physicians [16]. In situations involving
a communication gap, healthcare professionals may experience obstacles when teaching
the patient about healthy behaviors and self-care, potentially depriving the patient of
valuable information.
There is a known correlation between gender and the likelihood of having diabetes
and obesity. The prevalence of diabetes is higher in men in comparison to women [17]. A
national study exploring gender inequities in obesity prevalence among Black Americans
showed that nearly half (49%) of females had obesity, compared to 27.9% of males [18].
These gender inequities in obesity and diabetes status also vary by income. Gender
inequities in obesity prevalence are greater in lower-income communities than higherincome communities, with females having a higher prevalence of obesity than males [19,20].
Higher levels of the liver enzymes, ALT, AST, and GGT, have been found among Blacks
compared to Whites, indicating that Black adults are at a higher risk of having diabetes than
White adults [21], which supports substantial previous evidence of Black–White inequities
in obesity [22–25] and diabetes [26].
Income is also linked to inequities in diabetes and obesity [27–31]. Numerous potential
factors contribute to this association both on the individual and community levels. On the
individual level, income is linked to access and affordability of healthy food. One study
found that among non-Hispanic White women, the prevalence of obesity increased as
income decreased [30]. Studies have also shown that lower-cost diets are associated with
a higher caloric intake at the expense of nutrients [32]. Affordable and unhealthy foods
tended to be more calorie-dense, but nutritionally deficient [33].
A community’s socioeconomic status (SES) also likely influences diabetes and obesity.
Higher-income communities may be more likely to have outlets that sell healthy foods and
organize produce [32,34]. On the other hand, lower-income communities are more likely to
have fast food outlets and stores that market high-calorie foods that offer convenience at
seemingly more affordable prices (at the cost of nutrients) [35,36]. The availability of foods
as a community attribute is referred to as one’s neighborhood food environment [37]. Obesity has also been linked to other neighborhood and community characteristics, including
access to resources, walkability, land use, and neighborhood poverty levels [38,39]. An analysis examining the impact of sprawl, defined as the increase in the amount of developed
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land, on the rising obesity rates in the U.S., found that the average increase in developed
land increased the rates of obesity by 10–12.5% [32,33]. This increase may be, in part, due
to the dearth of walkability [40,41]. Individuals residing in low-SES neighborhoods with
decreased walkability levels were at an increased likelihood of a higher BMI [41,42].
Intersectionality, the interconnected nature of social categorizations, such as race,
gender, and SES, creates interdependent systems that impact health and create complex
health inequities for marginalized groups [43]. However, how intersectionality affects
language-based health inequities is not well understood. Furthermore, it is often difficult
to distinguish at what levels of the social–ecological model (e.g., individual, community,
policy, etc.) intersectionality impacts individual health and promotes inequities.
Therefore, the overall purpose of this study was to assess the intersections of gender,
race/ethnicity, SES, and language on health. The study objective was to assess the potential
for race/ethnicity, gender, and socioeconomic status to jointly moderate the association
between primary language (English/Spanish) and having obesity and diabetes. Addressing
this research question is potentially important for understanding nuances in associations
between language and health. The findings of this study could inform potential programs
and potential interventions designed to improve health literacy and reduce population
health inequities.
2. Materials and Methods
This study is a secondary data analysis of the 2018 Behavioral Risk Factor Surveillance
System (BRFSS), the largest network of health-related telephone surveys administered by
the CDC. The BRFSS collects data from US residents in all 50 states, as well as Guam and
Puerto Rico, regarding their demographics, self-reported health-related behaviors, use of
preventive services, and other health-related information; the data are used for planning
and prevention efforts at the state and federal levels [44]. Over 400,000 interviews are
conducted with BRFSS respondents aged 18 and older each year.
2.1. Predictor Variables
The 2018 BRFSS sample included 437,436 respondents; data from this cycle were
selected for this study. It was the most recent year of data available at the time of the
analysis. Individual states have the option of translating the questionnaire into other
languages if needed. The CDC provides both English and Spanish versions of the core
questionnaire. Of all respondents, 15,541 (3.6%) completed the core questionnaire using
the Spanish version of the survey. For this study, respondents who used the Spanish
version considered their primary spoken language to be Spanish; otherwise, respondents’
primary spoken language was considered to be English. Additional covariates used in the
multivariable included the individual year of age, general health status (excellent, very
good, good, fair, or poor), and body mass index (BMI), in kg/m2 .
2.2. Moderator Variables
The three main moderator variables used in this analysis were gender (male, female),
race/ethnicity (White, Black, Other), and annual income, which were dichotomized into
two categories (<USD 50,000, USD 50,000+). Moderator variables were assessed individually and jointly. In the joint analysis, the categorization led to 12 gender × race/
ethnicity × income categories.
2.3. Outcome Variables
The two main outcome variables of interest were having obesity and diabetes. The
obesity variable was constructed using a body mass index (BMI) of 30 kg/m2 or above
based on self-reported height and weight. The diabetes variable was ascertained from the
question, “Has a doctor, nurse, or other health professional ever told you that you had
diabetes?” and was dichotomized into yes or no.
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2.4. Data Analysis
Descriptive statistics and frequencies were examined for all study variables. Chi-square
tests were used to examine the associations between the two outcome variables (having obesity,
having diabetes) and predictors, including income, preferred language, and demographic
variables. Generalized linear model(s) (GLM) with logistic link functions were used to model
each of the outcomes (obesity and diabetes) against the language spoken (English vs. Spanish),
overall, and by each of the 12 gender × race/ethnicity × income categories, adjusted for
age, BMI, and overall health status. To assess for potential moderation of the associations
on gender, race/ethnicity, and income, and the two outcomes (obesity and diabetes), both
outcomes were modeled on each of the demographic variables but stratified by the native
language spoken. All models accounted for complex sampling, including design weights,
clusters, and strata. Logistic regression assumptions were checked for each model run.
The model goodness-of-fit was assessed by examining the Nagelkerke R-squared value
and the Hosmer–Lemeshow test for logistic regression models. All data analyses were
conducted using IBM SPSS version 26 (Armonk, NY, USA) and SAS version 9.4 (Cary, NC,
USA). Statistical significance was set to p < 0.05, and 95% confidence intervals (95% CI)
were used throughout the GLM analysis.
3. Results
Most of the sample (98.2%) completed the English survey, with only 1.8% using the
Spanish questionnaire (Table 1). Of the Spanish speakers, 92.2% were in the lowest income
group (USD 0–<25,000), compared to 46.4% of the English speakers (p < 0.001). Among the
Spanish speakers, nearly half of the respondents (48.2%) were between the ages of 30 and
49, while 31.7% of the English speakers were between those ages. Spanish speakers were
9% more likely (33.7% vs. 30.8%, p = 0.001) to have obesity and 29% more likely (14.5%
vs. 11.2% (p < 0.001) to have diabetes.
Table 1. Descriptive statistics for study sample overall and by native language (English vs. Spanish).

Overall

N (%)

N (%)

English

Spanish

415,886 (98.2)

15,098 (1.8)

Income

<USD 50,000
USD 50,000+

169,016 (46.4)
180,182 (53.6)

11,226 (92.2)
884 (7.8)

Gender

Male
Female

190,673 (48.8)
230,078 (51.2)

6711 (46.6)
8796 (53.4)

Age

18–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80+

25,005 (12.9)
21,128 (8.3)
22,596 (9.1)
24,273 (7.7)
23,827 (7.9)
27,341 (7.0)
33,541 (8.6)
40,841 (8.2)
45,909 (8.8)
46,380 (6.8)
40,153 (5.8)
28,176 (4)
34,313 (4.8)

995 (8)
1149 (8.1)
1668 (13.2)
1838 (11.9)
1750 (12.4)
1500 (8.7)
1516 (9.8)
1314 (7.3)
1083 (6.1)
944 (4.7)
772 (4.2)
488 (3.3)
402 (2.4)

Current smoker

Yes
No

59,856 (15.9)
345,906 (84.1)

1415 (9.7)
13,426 (90.3)

Race

White
Black
Other

342,344 (74.3)
38,417 (13.6)
35,125 (12.1)

7489 (53.0)
671 (4.4)
6938 (42.6)
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Table 1. Cont.
N (%)

N (%)

English

Spanish

Hispanic/Latinx

Yes
No

21,772 (10.8)
395,595 (89.2)

15,152 (97.5)
289 (2.5)

Has obesity

Yes
No

123,819 (30.8)
266,126 (69.2)

4176 (33.7)
8042 (66.3)

Has diabetes

Yes
No

363,554 (11.2)
58,276 (88.8)

13,121 (14.5)
2420 (85.5)

Overall, Spanish speakers were 9% (95% CI 5%, 13%) more likely than English speakers
to have obesity and 17% (95% CI 11%, 23%) more likely to have diabetes (Table 2). The
associations between language and having obesity and diabetes were statistically significant
among females, but not among males. Among White respondents, compared to English
speakers, Spanish-speaking respondents had significantly higher odds of having obesity
and diabetes. Among Black respondents, the association was reversed, and Spanish
speakers were significantly less likely to have obesity than English speakers (OR 0.72,
95% CI 0.60, 0.85). Among respondents classified as “Other”, the findings were mixed:
Spanish speakers were significantly more likely than English speakers to have obesity (OR
1.27, 95% CI 1.19, 1.35), but were significantly less likely to have diabetes (OR 0.84, 95% CI
0.77, 0.91). Among respondents whose annual incomes were at least USD 50,000, Spanish
speakers were more likely to have obesity (OR 1.17, 95% CI 1.01, 1.36) and diabetes (OR
1.37, 95% CI 1.10, 1.71) than English speakers. No significant associations were observed
in the adjusted models of respondents with incomes below USD 50,000. Nagelkerke Rsquared values ranged from 0.004 to 0.017. Hosmer and Lemeshow chi-square tests were
all significant (p < 0.05).
Table 2. Unadjusted and adjusted odds ratios of obesity and diabetes comparing Spanish to English
speakers by gender, race/ethnicity, and income.
Obesity

Diabetes

Unadjusted

Adjusted

Unadjusted

Adjusted

Overall

1.12 (1.07, 1.16)

1.09 (1.05, 1.13)

1.15 (1.10, 1.20)

1.17 (1.11, 1.23)

All females
All males

1.20 (1.14, 1.26)
1.02 (0.96, 1.08)

1.14 (1.08, 1.20)
1.03 (0.97, 1.09)

1.27 (1.20, 1.35)
1.01 (0.94, 1.08)

1.24 (1.17, 1.32)
1.08 (1.00, 1.16)

All Whites
All Blacks
All Others

1.13 (1.07, 1.19)
0.72 (0.60, 0.86)
1.27 (1.19, 1.35)

1.10 (1.04, 1.16)
0.72 (0.60, 0.85)
1.27 (1.19, 1.35)

1.25 (1.18, 1.34)
0.82 (0.67, 1.00)
1.00 (0.93, 1.07)

1.30 (1.21, 1.39)
0.90 (0.72, 1.13)
0.84 (0.77, 0.91)

All with income < USD 50,000
All with income USD 50,000+

0.98 (0.94, 1.03)
1.17 (1.01, 1.35)

0.92 (0.88, 0.96)
1.17 (1.01, 1.36)

0.84 (0.80, 0.88)
1.13 (0.92, 1.40)

0.99 (0.94, 1.05)
1.37 (1.10, 1.72)

Income < USD 50,000
White females
White males
Black females
Black males
Other females
Other males

1.06 (0.98, 1.14)
0.94 (0.85, 1.04)
0.55 (0.41, 0.73)
1.04 (0.79, 1.35)
1.10 (0.99, 1.22)
1.10 (0.99, 1.22)

0.92 (0.85, 0.99)
0.91 (0.82, 1.00)
0.51 (0.38, 0.69)
0.98 (0.75, 1.29)
1.09 (0.99, 1.21)
1.09 (0.98, 1.21)

0.96 (0.87, 1.05)
0.86 (0.77, 0.97)
0.64 (0.44, 0.91)
0.73 (0.53, 0.99)
0.82 (0.73, 0.93)
0.75 (0.66, 0.86)

1.17 (1.06, 1.29)
1.04 (0.92, 1.18)
0.64 (0.43, 0.93)
0.94 (0.67, 1.33)
0.77 (0.67, 0.88)
0.72 (0.62, 0.82)

Income USD 50,000+
White females
White males
Black females
Black males
Other females
Other males

1.02 (0.77, 1.36)
1.13 (0.88, 1.44)
0.34 (0.04, 3.02)
0.93 (0.39, 2.22)
1.27 (0.81, 2.00)
1.85 (1.34, 2.56)

1.02 (0.77, 1.37)
1.13 (0.88, 1.45)
0.34 (0.04, 3.08)
1.06 (0.43, 2.59)
1.22 (0.77, 1.94)
1.94 (1.40, 2.69)

1.57 (1.06, 2.32)
0.84 (0.57, 1.25)
–
1.92 (0.75, 4.88)
0.92 (0.46, 1.84)
0.80 (0.49, 1.31)

1.85 (1.22, 2.79)
1.07 (0.71, 1.60)
–
2.22 (0.78, 6.28)
0.99 (0.48, 2.06)
0.77 (0.45, 1.30)

Boldface indicates statistically significant associations (p < 0.05).
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Respondents were stratified into the 12 gender × race/ethnicity × income subgroups
(see table for groupings) to explore potential differences in the associations between language and health outcomes. Among three of the six subgroups in the <USD 50,000 income
category—Black females, Other females, and Other males—Spanish speakers were significantly less likely than English speakers to have diabetes, while White Spanish-speaking
females were more likely than English speakers to have diabetes (OR 1.17, 95% CI 1.06, 1.29).
Among those subgroups in the ≥USD 50,000 income category, White females whose
primary language was Spanish also had a higher risk for diabetes than English speakers (OR 1.85, 95% CI 1.22, 2.79), whereas the associations for the other subgroups were
not significant. Figure 1 shows the predicted prevalence (and 95% CI) for respondents
in each of the twelve subgroups stratified by primary language. The highest predicted
prevalence of obesity was among Black females making less than USD 50,000 and whose
primary language was English. Overall, there were substantial differences in the predicted prevalence of having obesity and diabetes by primary language for many of the
subgroups and notable differences across demographic groups. For example, lower-income
(<USD 50,000) Spanish-speaking White males were significantly less likely to have obesity or diabetes than their English-speaking counterparts (p < 0.001). However, among
higher-income (>USD 50,000) White males, Spanish speakers were significantly more likely
than English speakers. Among those whose race/ethnicity was classified
Int. J. Environ. Res. Public Health 2022,to
19,have
x FORobesity
PEER REVIEW
7 of 13
as “Other”, Spanish speakers were more likely than English speakers to have obesity, but
significantly less likely to have diabetes, regardless of income.

1. Predicted prevalence (and 95% confidence intervals) of obesity (left) and diabetes (right)
Figure 1.
by gender,
gender, race/ethnicity,
race/ethnicity, income,
income, and
and preferred
preferred language
language spoken.
spoken.
by

Lastly, in
in the
the models
models stratified
stratified by
by language,
language, there was a significant
significant linear trend of a
Lastly,
decreasing
income
(p (p
< 0.001)
(Table
3). 3).
Similar
decreasing likelihood
likelihoodof
ofhaving
havingobesity
obesitywith
withincreasing
increasing
income
< 0.001)
(Table
Simtrends
werewere
not observed
among
Spanish
speakers
(p = 0.135).
ThereThere
were significant
linear
ilar trends
not observed
among
Spanish
speakers
(p = 0.135).
were significant
linear trends in the associations for having diabetes with income for both English (p <
0.001) and Spanish (p < 0.001) speakers. Nagelkerke R-squared values for these models
ranged from 0.003 to 0.022. Hosmer and Lemeshow chi-square tests were significant (p <
0.05).
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trends in the associations for having diabetes with income for both English (p < 0.001) and
Spanish (p < 0.001) speakers. Nagelkerke R-squared values for these models ranged from
0.003 to 0.022. Hosmer and Lemeshow chi-square tests were significant (p < 0.05).
Table 3. Adjusted odds ratios of obesity (top) and diabetes (bottom) among English and Spanish
speakers for individual characteristics.
OBESITY

English Speakers

Spanish Speakers

Income (categorical)

<25 k
USD 25–<50 k
USD 50–<75 k
USD 75 k+ (reference)
p-value for trend

1.49 (1.43, 1.55)
1.34 (1.28, 1.39)
1.29 (1.23, 1.35)
1
<0.001

1.28 (0.94, 1.76)
1.11 (0.79, 1.54)
1.48 (1.00, 2.21)
1
0.135

Gender

Female
Male (reference)

1.02 (0.99, 1.05)
1

1.11 (0.98, 1.25)
1

Age

Per 5-year increase

1.02 (1.02, 1.03)

1.00 (0.98, 1.02)

Current smoker

Yes
No (reference)

0.86 (0.82, 0.90)
1

0.84 (0.69, 1.02)
1

Race

Black
Other
White (reference)

1.46 (1.39, 1.54)
0.81 (0.76, 0.86)
1

1.16 (0.90, 1.49)
1.10 (0.90, 1.49)
1

Intercept

Baseline odds

0.32 (0.31, 0.34)

0.39 (0.28, 0.55)

Income (categorical)

<25 k
USD 25–<50 k
USD 50–<75 k
USD 75 k+ (reference)
p-value for trend

2.43 (2.28, 2.59)
1.57 (1.47, 1.66)
1.36 (1.26, 1.46)
1
<0.001

1.85 (1.24, 2.75)
1.19 (0.78, 1.81)
1.33 (0.79, 2.22)
1
<0.001

Gender

Female
Male (reference)

0.75 (0.72, 0.79)
1

0.98 (0.84, 1.14)
1

Age

Per 5-year increase

1.27 (1.26, 1.28)

1.35 (1.31, 1.38)

Current smoker

Yes
No (reference)

0.97 (0.91, 1.04)
1

0.73 (0.57, 0.94)
1

Race

Black
Other
White (reference)

1.64 (1.53, 1.76)
1.39 (1.28, 1.51)
1

1.27 (0.91, 1.77)
1.01 (0.86, 1.18)
1

Intercept

Baseline odds

0.02 (0.01, 0.02)

0.01 (0.01, 0.02)

DIABETES

4. Discussion
Results of the study confirm past research in highlighting the well-established association between income and having obesity and diabetes, considering multiple intersecting
socioeconomic factors [28,30,45]. The most important finding of the present study is the
presence of a joint relationship between the two health conditions and SES. Despite results of the bivariate models, Spanish speakers were more likely than English speakers to
have obesity and diabetes; those associations became non-significant when adjusting for
income, race, and gender. The gender × race/ethnicity/income subgroups stratified with
language demonstrated the varied associations between these variables and the prevalence
of obesity and diabetes. Of the participants in the <USD 50,000 income group, White,
Spanish-speaking females were at a greater risk for diabetes than their English-speaking
counterparts. On the contrary, Black females in the same income category had a greater
probability of having diabetes than English speakers or Spanish speakers. The present
analysis did not examine the country of birth or length of time living in the US, since the
central comparison was between English speakers and Spanish speakers, and these data
were not available in the entire sample. Therefore, the Spanish-speaking subgroup in this
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study may include respondents who were born in the US and others born abroad who
have lived in the US for varying lengths of time. We did not assess acculturation, as this
measure was not available in the data set. The effect of acculturation on the health of the
Hispanic/Latinx immigrant population is complex, and there is suggestive evidence that
acculturation is associated with worse health outcomes, behaviors, and perceptions [46].
Furthermore, understanding the composition of this Spanish-speaking subgroup is important. Prior research has suggested that risk factors for conditions such as obesity and
diabetes are higher for individuals born in the US compared to those born abroad, and the
risks of those conditions increase with time lived in the US [47–49].
To some extent, the findings from the present study support the “Hispanic paradox”,
which states that the Hispanic/Latinx population may experience better health outcomes
than Whites and other racial and ethnic groups, despite their lower overall socioeconomic
status on the population level [50]. These comparatively good health outcomes are linked
to time living in the US and decline with time. Although the present study focused on the
primary language spoken in the home (Spanish vs. English), it is possible that respondents
who preferred to take the survey in Spanish were less acculturated to US society [51].
Fundamental differences in SES between respondents who completed the survey in
Spanish versus those who completed it in English were apparent in the study sample,
as there was a notable imbalance in the joint distribution of the two main exposure variables, income and language spoken. Among English speakers, 37.9% reported having an
income of USD 75,000 or more, compared to just 3.5% of Spanish speakers: a more than
ten-fold difference. However, the prevalence of diabetes was significantly lower among
Spanish speakers in the lowest three income groups (<USD 25,000, USD 25,000–49,999,
and USD 50,000–74,999) compared to English speakers in those same income groups. It is
important to note that Hispanics/Latinx and Spanish speakers may not refer to the same set
of people. While the vast majority of Spanish speakers in the current study self-identified
as Hispanic, Latinx, or of Spanish origin (97.5%), 10.8% of the English speakers also identified as Hispanic, Latinx, or of Spanish origin, which may partially explain the observed
statistically significant interactions.
The present study found conflicting evidence that the primary language as assessed by
the preferred language from the BRFSS survey moderates the association between income
and obesity and diabetes. Although there were no consistently significant interactions
found in all models, the models stratified by language identified differences in the association between income, gender, race, and the two health outcomes. Among English
speakers, a monotonic association between income and obesity was observed, but this
was not observed among Spanish speakers. There were, however, significant monotonic
associations between income and diabetes for both English and Spanish speakers. In the
gender × race/ethnicity/income subgroup model, no continuous association was identified. English-speaking Black females had the highest risk of developing diabetes whereas
White Spanish-speaking females were more likely to have diabetes. A previous study of a
diverse sample of Hispanic/Latinx respondents also found a similar negative association
between income and the risk of diabetes, regardless of language [52]. The reasons for these
observed patterns of associations are unclear and require further research.
Study findings should be considered in the context of several limitations. First, the
data were cross-sectional and, therefore, causality cannot be confirmed. Second, this was
a secondary analysis of self-reported data; diabetes and obesity status were not clinically
confirmed. Third, primary language was based on the selected language of the BRFSS questionnaire used and this may not always match a respondent’s primary language spoken. In
addition, it should be noted that Spanish speakers are a heterogeneous population; there
are critical differences among Spanish speakers from various Spanish-speaking countries
and territories (e.g., Mexico, Cuba, Puerto Rico, etc.), which merits further research. Complicating this issue is that the Hispanic/Latinx population may include people of Brazilian
origin, whose primary language may be Portuguese instead of English or Spanish [53].
Furthermore, it was not possible in the sample to distinguish type 1 from type 2 diabetes,
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which have different etiologies [54]. Lastly, the large sample size (n > 400,000) could lead to
statistically significant findings that may not be clinically meaningful.
There are several notable study strengths, as well. This was the first, large-scale,
study examining the potential moderation of the associations of income, race, and gender/ethnicity on health outcomes by the primary language spoken using a large, nationally
representative sample. With changing demographics in the US and the increase in immigrants from Latin America [55] and other countries, it is important to understand potential
differences in the psychosocial and behavioral predictors of diabetes and obesity in different cultural groups. Second, the analysis used both interaction and stratification to
examine the potential for moderation fully. Stratification allows for the straightforward
interpretation of differences between English and Spanish speakers concerning the associations between income, race, and gender/ethnicity and the two health outcomes, while
intersectional approaches allow for the determination if those potential differences are
statistically significant.
Although study findings are somewhat inconsistent, they have potential downstream
implications for health programs, interventions, and policies, including health education,
healthcare systems, and planning. Health education campaigns could target those specific
neighborhoods and regions to address the underlying causes of poor cardiovascular health
outcomes [56]. Other health policies and programs could be implemented to strengthen
the health care systems’ fluency and ability to effectively communicate with patients who
speak languages other than English [57]. Examples could include changes to medical
education [58] and/or hospital culture and hiring practices [59]. Although this study
did not specifically address these issues, we hope study results will provide exploratory
evidence of the importance of addressing these topics in future research. Furthermore, the
concept of “Health in All Policies” [60] refers both to health policies, as well as other policies
not necessarily designed to have direct health impacts, but impact health nonetheless, such
as those directed at schools, housing, taxation, and sustainability [61]. Moreover, the study
findings highlight important differences in health outcomes by highly granular population
subgroups. Traditionally, policies are implemented at the population level. These findings
suggest perhaps a reconsideration of the traditional “one-size-fits-all” approach to health
policies and programs to maximize effectiveness and reduce health inequities.
5. Conclusions
The overall findings of this study support the body of evidence from prior studies that
increased income was associated with a decrease in the risk of cardiovascular outcomes,
such as having obesity and diabetes. Findings for diabetes status were consistent regardless
of primary language, while the results for having obesity were highly inconsistent. Future
research is needed to elucidate the pathways and mechanisms that distinguish the etiologies
of obesity and diabetes. Furthermore, research should focus on how those pathways may
differ based on the primary language spoken and intersectional factors. For example,
among immigrants, intervening on some of the negative health behaviors that increase as
time living in the US increases may be a potential pathway to examine.
As the nation’s demographics continue to diversify with respect to multiple factors
that promote health inequalities, including languages spoken, there is a critical need to
collect detailed data and address the root causes of health inequities among those who
face cultural and language barriers. It is unclear what truly drives the observed disparities.
Elucidating whether those language barriers create situations where non-English speakers
receive lower-quality services or perhaps are unable to engage with healthcare professionals
in the same way are examples of specific root causes that can be investigated and then
addressed. Moreover, research could be expanded to additional racial/ethnic groups that
speak other languages besides English. Other languages should be taken into consideration,
as well. An example of this can be found in Massachusetts and Rhode Island, where there is
a high proportion of Portuguese-speaking residents compared to the rest of the US [54,62].
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These population subgroups also face language and cultural barriers that have resulted in
poorer health outcomes [63].
More broadly, future research should also examine critical contextual and systems-based
factors that create underlying conditions (health systems and social determinants [64]) leading
to inequities in health literacy and ultimately to inequities in health outcomes [20,65]. The use
of an equity framework and an intersectional approach in future research endeavors can
provide insights into potentially complex interactions among various social determinants
of health [66] and target the most vulnerable populations for policies, programs, and
interventions that promote health equity. To achieve health equity, traditional approaches
to blanket health policies and interventions that target whole populations may need to
be re-evaluated to address the known factors that lead to inequities and target the most
vulnerable population subgroups [67].
Author Contributions: Conceptualization, N.H.A. and S.A.C.; methodology, N.H.A. and S.A.C.;
software, S.A.C.; validation, N.H.A., M.L.G., and S.A.C.; formal analysis, S.A.C.; investigation, N.H.A.;
resources, N.H.A.; data curation, S.A.C.; writing—original draft preparation, N.H.A.; writing—
review and editing, M.L.G. and S.A.C.; visualization, S.A.C.; supervision, M.L.G. and S.A.C.; project
administration, S.A.C. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of The University of Rhode Island
(no. 1688526-1 (approved 29 January 2021)).
Informed Consent Statement: Informed consent was obtained from all subjects involved in the
survey data used in this study.
Data Availability Statement: Data are publicly available at https://www.cdc.gov/brfss/index.html
(accessed on 4 January 2022). The analytic data set used in this manuscript is available upon request
to the corresponding author.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.
3.
4.

5.
6.
7.

8.
9.
10.
11.

Eberhard, D.M.; Simons, G.F.; Fenning, C.D. (Eds.) “Summary by country”. In Ethnologue: Languages of the World, 22nd ed.; SIL
International: Dallas, TX, USA, 2021. Available online: https://web.archive.org/web/20190428174546/https://www.ethnologue.
com/statistics/country (accessed on 16 June 2022).
Alvidrez, J.; Pérez-Stable, E.J. Diabetes care in Latinos with limited English proficiency: What do language concordant clinicians
add? JAMA Intern. Med. 2017, 177, 313–315. [CrossRef] [PubMed]
Suarez, N.R.; Urtecho, M.; Jubran, S.; Yeow, M.E.; Wilson, M.E.; Boehmer, K.R.; Barwise, A.K. The roles of medical interpreters in
intensive care unit communication: A qualitative study. Patient Educ. Couns. 2021, 104, 1100–1108. [CrossRef] [PubMed]
Lee, J.S.; Pérez-Stable, E.J.; Gregorich, S.E.; Crawford, M.H.; Green, A.; Livaudais-Toman, J.; Karliner, L.S. Increased access to
professional interpreters in the hospital improves informed consent for patients with limited English proficiency. J. Gen. Intern.
Med. 2017, 32, 863–870. [CrossRef]
Al Shamsi, H.; Almutairi, A.G.; Al Mashrafi, S.; Al Kalbani, T. Implications of language barriers for healthcare: A systematic
review. Oman Med. J. 2020, 35, e122. [CrossRef] [PubMed]
Chan, Y.F.; Alagappan, K.; Rella, J.; Bentley, S.; Soto-Greene, M.; Martin, M. Interpreter services in emergency medicine. J. Emerg.
Med. 2010, 38, 133–139. [CrossRef]
VanderWielen, L.M.; Enurah, A.S.; Rho, H.Y.; Nagarkatti-Gude, D.R.; Michelsen-King, P.; Crossman, S.H.; Vanderbilt, A.A.
Medical interpreters: Improvements to address access, equity, and quality of care for limited-English-proficient patients. Acad.
Med. 2014, 89, 1324–1327. [CrossRef]
Flores, G.; Laws, M.B.; Mayo, S.J.; Zuckerman, B.; Abreu, M.; Medina, L.; Hardt, E.J. Errors in medical interpretation and their
potential clinical consequences in pediatric encounters. Pediatrics 2003, 111, 6–14. [CrossRef]
Flores, G. Language barriers to health care in the United States. N. Engl. J. Med. 2006, 355, 229–231. [CrossRef]
Koh, H.K.; Baur, C.; Brach, C.; Harris, L.M.; Rowden, J.N. Toward a systems approach to health literacy research. J. Health
Commun. 2013, 18, 1–5. [CrossRef]
Brach, C.; Keller, D.; Hernandez, L.M.; Baur, C.; Parker, R.; Dreyer, B.; Schyve, P.; Lemerise, A.J.; Schillinger, D. Ten attributes of
health literate health care organizations. NAM Perspect. 2012, 1–27. [CrossRef]

Int. J. Environ. Res. Public Health 2022, 19, 7750

12.
13.
14.

15.
16.

17.
18.
19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.

33.
34.
35.
36.
37.
38.
39.

11 of 12

Brown, A.F.; Ma, G.X.; Miranda, J.; Eng, E.; Castille, D.; Brockie, T.; Jones, P.; Airhihenbuwa, C.O.; Farhat, T.; Zhu, L.; et al.
Structural interventions to reduce and eliminate health disparities. Am. J. Public Health 2019, 109, S72–S78. [CrossRef] [PubMed]
Peterson, A.; Charles, V.; Yeung, D.; Coyle, K. The Health Equity Framework: A science-and justice-based model for public health
researchers and practitioners. Health Promot. Pract. 2021, 22, 741–746. [CrossRef] [PubMed]
Aguayo-Mazzucato, C.; Diaque, P.; Hernandez, S.; Rosas, S.; Kostic, A.; Caballero, A.E. Understanding the growing epidemic
of type 2 diabetes in the Hispanic population living in the United States. Diabetes/Metab. Res. Rev. 2019, 35, e3097. [CrossRef]
[PubMed]
Cusi, K.; Ocampo, G.L. Unmet Needs in Hispanic/Latino Patients with Type 2 Diabetes Mellitus. Am. J. Med. 2011, 124, S2–S9.
[CrossRef] [PubMed]
Fernandez, A.; Schillinger, D.; Warton, E.M.; Adler, N.; Moffet, H.H.; Schenker, Y.; Salgado, M.; Ahmed, A.; Karter, A.J. Language
barriers, physician-patient language concordance, and glycemic control among insured Latinos with diabetes: The Diabetes
Study of Northern California (DISTANCE). J. Gen. Intern. Med. 2011, 26, 170–176. [CrossRef]
Mauvais-Jarvis, F. Gender differences in glucose homeostasis and diabetes. Physiol. Behav. 2018, 187, 20–23. [CrossRef]
Blaak, E. Gender differences in fat metabolism. Curr. Opin. Clin. Nutr. Metab. Care 2001, 4, 499–502. [CrossRef]
Fan, J.X.; Wen, M.; Li, K. Associations between obesity and neighborhood socioeconomic status: Variations by gender and family
income status. SSM-Popul. Health 2020, 10, 100529. [CrossRef]
Robinson, W.R.; Gordon-Larsen, P.; Kaufman, J.S.; Suchindran, C.M.; Stevens, J. The female-male disparity in obesity prevalence
among black American young adults: Contributions of sociodemographic characteristics of the childhood family. Am. J. Clin.
Nutr. 2009, 89, 1204–1212. [CrossRef]
Schneider, A.L.; Lazo, M.; Ndumele, C.E.; Pankow, J.S.; Coresh, J.; Clark, J.M.; Selvin, E. Liver enzymes, race, gender and diabetes
risk: The Atherosclerosis Risk in Communities (ARIC) Study. Diabet. Med. 2013, 30, 926–933. [CrossRef]
Rossen, L.M.; Schoendorf, K.C. Measuring health disparities: Trends in racial−ethnic and socioeconomic disparities in obesity
among 2-to 18-year old youth in the United States, 2001–2010. Ann. Epidemiol. 2012, 22, 698–704. [CrossRef] [PubMed]
May, A.L.; Freedman, D.; Sherry, B.; Blanck, H.M.; Centers for Disease Control and Prevention (CDC). Obesity—United States,
1999–2010. MMWR Surveill Summ. 2013, 62 (Suppl. S3), 120–128.
Zhang, H.; Rodriguez-Monguio, R. Racial disparities in the risk of developing obesity-related diseases: A cross-sectional study.
Ethn. Dis. 2012, 22, 308–316.
Krueger, P.M.; Reither, E.N. Mind the gap: Race/ethnic and socioeconomic disparities in obesity. Curr. Diabetes Rep. 2015, 15, 95.
[CrossRef]
Rosenstock, S.; Whitman, S.; West, J.F.; Balkin, M. Racial disparities in diabetes mortality in the 50 most populous US cities. J.
Urban. Health 2014, 91, 873–885. [CrossRef] [PubMed]
Ameye, H.; Swinnen, J. Obesity, income and gender: The changing global relationship. Glob. Food Secur. 2019, 23, 267–281.
[CrossRef]
Ogden, C.L.; Fakhouri, T.H.; Carroll, M.D.; Hales, C.M.; Fryar, C.D.; Li, X.; Freedman, D.S. Prevalence of obesity among adults, by
household income and education—United States, 2011–2014. MMWR. Morb. Mortal. Wkly. Rep. 2017, 66, 1369. [CrossRef]
Freedman, D.S.; Centers for Disease Control and Prevention (CDC). Obesity—United States, 1988–2008. MMWR Surveill Summ.
2011, 60, 73–77.
Ogden, C.L.; Lamb, M.M.; Carroll, M.D.; Flegal, K.M. Obesity and Socioeconomic Status in Adults: United States, 2005–2008; US
Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Health Statistics.
2010. Available online: https://www.cdc.gov/nchs/data/databriefs/db50.pdf (accessed on 11 April 2022).
Booth, H.P.; Charlton, J.; Gulliford, M.C. Socioeconomic inequality in morbid obesity with body mass index more than 40 kg/m2
in the United States and England. SSM-Popul. Health 2017, 3, 172–178. [CrossRef]
Kern, D.M.; Auchincloss, A.H.; Stehr, M.F.; Diez Roux, A.V.; Moore, L.V.; Kanter, G.P.; Robinson, L.F. Neighborhood prices of
healthier and unhealthier foods and associations with diet quality: Evidence from the multi-ethnic study of atherosclerosis. Int. J.
Environ. Res. Public Health 2017, 14, 1394. [CrossRef]
Drewnowski, A. The cost of US foods as related to their nutritive value. Am. J. Clin. Nutr. 2010, 92, 1181–1188. [CrossRef]
[PubMed]
Andreyeva, T.; Blumenthal, D.M.; Schwartz, M.B.; Long, M.W.; Brownell, K.D. Availability and prices of foods across stores and
neighborhoods: The case of New Haven, Connecticut. Health Aff. 2008, 27, 1381–1388. [CrossRef] [PubMed]
Hilmers, A.; Hilmers, D.C.; Dave, J. Neighborhood disparities in access to healthy foods and their effects on environmental justice.
Am. J. Public Health 2012, 102, 1644–1654. [CrossRef]
Bowman, S.A.; Vinyard, B.T. Fast food consumption of U.S. adults: Impact on energy and nutrient intakes and overweight status.
J. Am. Coll. Nutr. 2004, 23, 163–168. [CrossRef] [PubMed]
Zenk, S.N.; Schulz, A.J.; Odoms-Young, A. How neighborhood environments contribute to obesity. Am. J. Nurs. 2009, 109, 61.
[CrossRef]
Papas, M.A.; Alberg, A.J.; Ewing, R.; Helzlsouer, K.J.; Gary, T.L.; Klassen, A.C. The built environment and obesity. Epidemiol. Rev.
2007, 29, 129–143. [CrossRef]
Garfinkel-Castro, A.; Kim, K.; Hamidi, S.; Ewing, R. Obesity and the built environment at different urban scales: Examining the
literature. Nutr. Rev. 2017, 75 (Suppl. S1), 51–61. [CrossRef]

Int. J. Environ. Res. Public Health 2022, 19, 7750

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

53.

54.
55.
56.
57.
58.
59.
60.
61.
62.

63.
64.
65.
66.
67.

12 of 12

Vandegrift, D.; Yoked, T. Obesity rates, income, and suburban sprawl: An analysis of US states. Health Place 2004, 10, 221–229.
[CrossRef]
Tarlov, E.; Silva, A.; Wing, C.; Slater, S.; Matthews, S.A.; Jones, K.K.; Zenk, S.N. Neighborhood walkability and BMI change: A
national study of veterans in large urban areas. Obesity 2020, 28, 46–54. [CrossRef]
Berry, T.R.; Spence, J.C.; Blanchard, C.; Cutumisu, N.; Edwards, J.; Nykiforuk, C. Changes in BMI over 6 years: The role of
demographic and neighborhood characteristics. Int. J. Obes. 2010, 34, 1275–1283. [CrossRef]
Kelly, U.A. Integrating intersectionality and biomedicine in health disparities research. Adv. Nurs. Sci. 2009, 32, E42–E56.
[CrossRef] [PubMed]
Centers for Disease Control and Prevention. BRFSS 2018 Survey Data and Documentation. Behavioral Risk Factor Surveillance
System Website. 2017. Available online: https://www.cdc.gov/brfss/annual_data/annual_2018.html (accessed on 13 April 2022).
Ford, E.S.; Li, C.; Zhao, G.; Tsai, J. Trends in obesity and abdominal obesity among adults in the United States from 1999–2008. Int.
J. Obes. 2011, 35, 736–743. [CrossRef] [PubMed]
Lara, M.; Gamboa, C.; Kahramanian, M.I.; Morales, L.S.; Bautista, D.E. Acculturation and Latino health in the United States: A
review of the literature and its sociopolitical context. Annu. Rev. Public Health 2005, 26, 367. [CrossRef] [PubMed]
Kaplan, M.S.; Huguet, N.; Newsom, J.T.; McFarland, B.H. The association between length of residence and obesity among
Hispanic immigrants. Am. J. Prev. Med. 2004, 27, 323–326. [CrossRef] [PubMed]
Goel, M.S.; McCarthy, E.P.; Phillips, R.S.; Wee, C.C. Obesity among US immigrant subgroups by duration of residence. JAMA
2004, 292, 2860–2867. [CrossRef] [PubMed]
Fryar, C.D.; Fakhouri, T.H.; Carroll, M.D.; Frenk, S.M.; Ogden, C.L. The association of nativity/length of residence and
cardiovascular disease risk factors in the United States. Prev. Med. 2020, 130, 105893. [CrossRef]
Markides, K.S.; Eschbach, K. Aging, migration, and mortality: Current status of research on the Hispanic paradox. J. Gerontol. Ser.
B Psychol. Sci. Soc. Sci. 2005, 60, S68–S75. [CrossRef]
Durazo, E.M.; Mbassa, R.S.; Albert, M.A. Ethnic enclaves and type II diabetes: A focus on Latino/Hispanic Americans. Curr.
Cardiovasc. Risk Rep. 2016, 10, 36. [CrossRef]
Schneiderman, N.; Llabre, M.; Cowie, C.C.; Barnhart, J.; Carnethon, M.; Gallo, L.C.; Giachello, A.L.; Heiss, G.; Kaplan, R.C.;
LaVange, L.M.; et al. Prevalence of diabetes among Hispanics/Latinos from diverse backgrounds: The Hispanic community
health study/study of Latinos (HCHS/SOL). Diabetes Care 2014, 37, 2233–2239. [CrossRef]
Sánchez, M.; Cardemil, E.; Adams, S.T.; Calista, J.L.; Connell, J.; DePalo, A.; Ferreira, J.; Gould, D.; Handler, J.S.; Kaminow, P.; et al.
Brave new world: Mental health experiences of Puerto Ricans, immigrant Latinos, and Brazilians in Massachusetts. Cult. Divers.
Ethn. Minority Psychol. 2014, 20, 16. [CrossRef]
Janghorbani, M.; Van Dam, R.M.; Willett, W.C.; Hu, F.B. Systematic review of type 1 and type 2 diabetes mellitus and risk of
fracture. Am. J. Epidemiol. 2007, 166, 495–505. [CrossRef] [PubMed]
Hero, R.E. Immigration and social policy in the United States. Annu. Rev. Political Sci. 2010, 13, 445–468. [CrossRef]
Hornik, R. Public health education and communication as policy instruments for bringing about changes in behavior. In Social
Marketing; Taylor & Francis: London, UK, 2018; pp. 45–58.
Campos, C. Addressing cultural barriers to the successful use of insulin in Hispanics with type 2 diabetes. South. Med. J. 2007,
100, 812–820. [CrossRef] [PubMed]
Hudelson, P.; Vilpert, S. Overcoming language barriers with foreign-language speaking patients: A survey to investigate
intra-hospital variation in attitudes and practices. BMC Health Serv. Res. 2009, 9, 187. [CrossRef] [PubMed]
Regenstein, M.; Andres, E. Hospital language service programs: A closer look at translation practices. J. Health Care Poor
Underserved 2014, 25, 2003–2018. [CrossRef]
Gase, L.N.; Pennotti, R.; Smith, K.D. Health in all Policies. J. Public Health Manag. Pract. 2013, 19, 529–540. [CrossRef]
American Public Health Association. Health in All Policies: A Guide for State and Local Governments. Available online:
https://www.apha.org/-/media/Files/PDF/factsheets/Health_inAll_Policies_Guide_169pages.ashx (accessed on 16 June 2022).
Cristina Lindsay, A.; FWallington, S.; LGreaney, M.; Tavares Machado, M.M.; De Andrade, G.P. Patient–provider communication
and counseling about gestational weight gain and physical activity: A qualitative study of the perceptions and experiences of
Latinas pregnant with their first child. Int. J. Environ. Res. Public Health 2017, 14, 1412. [CrossRef]
Webster, P.S.; Sampangi, S. Did we have an impact? Changes in racial and ethnic composition of patient populations following
implementation of a pilot program. J. Healthc. Qual. 2017, 39, e22–e32. [CrossRef]
Schillinger, D. The intersections between social determinants of health, health literacy, and health disparities. Stud. Health Technol.
Inform. 2020, 269, 22.
Gordon-Larsen, P.; Popkin, B. Understanding socioeconomic and racial/ethnic status disparities in diet, exercise and weight:
Underlying contextual factors and pathways. J. Am. Diet. Assoc. 2011, 111, 1816. [CrossRef]
Thomas, S.B.; Quinn, S.C.; Butler, J.; Fryer, C.S.; Garza, M.A. Toward a fourth generation of disparities research to achieve health
equity. Annu. Rev. Public Health 2011, 32, 399. [CrossRef] [PubMed]
Tugwell, P.; de Savigny, D.; Hawker, G.; Robinson, V. Applying clinical epidemiological methods to health equity: The equity
effectiveness loop. BMJ 2006, 332, 358–361. [CrossRef] [PubMed]

